29
At present, numerous mitigation strategies have been described, and many of them
30
include the addition of a number of additives. Among them, the addition of phenolic-rich 31 extracts has been repeatedly suggested. 7 Nevertheless, these additives do not always 32 produce the desired results, and an increase in the formation of HAAs is sometimes 33 observed. 8 Therefore, nowadays the only way to propose a mitigation strategy based on 34 phenolics is its testing to confirm whether the desired results are produced or not.
35
One of the reasons for this lack of understanding of the dual role of phenolics as 36 promoters or inhibitors of this reaction is that the reaction pathways responsible for the 37 formation of most HAAs are still very poorly understood. 9 In fact, the complete formation 38 pathway of only one of these HAAs has been described at present. 10 This HAA is 2- Pyrex test tubes for 1 h in a heating block. Similarly to that described above, after 86 cooling, the internal standard was added, and the samples were filtered and studied by 87
LC-MS/MS.
88 damage as a function of their structures. 24 The different mechanisms that can play a role 118 in the formation of PhIP have been collected in Figure 3 .
119
In the absence of either LOOH or phenolics, the formation of PhIP should occur to a air produced minute amounts of PhIP (Table 1) . However, when this heating was carried out in the presence of phenolics, significant differences were observed, and these 143 differences depended on the structure of the involved phenolics. reactive carbonyls produced as a consequence of LOOH decomposition.
216
As discussed previously, the introduction of LOOH in the system increased the number higher than 2 for phenolics having mainly a carbonyl scavenging function (m-diphenols).
225
By using this ratio it is possible to distinguish whether, in complex phenolics, the free compounds were added to the assayed reaction mixtures.
245
When phenylalanine, creatinine, formaldehyde, and ammonia were heated under 246 nitrogen, PhIP was produced (Table 2) , and the amount of PhIP formed was twice higher 247 than that produced when phenylalanine and creatinine were heated under air (Table 1) .
248
This is likely a consequence of the addition of formaldehyde and ammonia to the reaction 249 mixture heated under nitrogen.
250
When o-diphenols were also added to the reaction mixture, the values obtained for
251
PhIP (Table 2) were lower than those obtained under air (Table 1 ). This behavior is likely Analogous effects were observed for p-diphenols, although p-diphenols increased the 259 amount of PhIP produced by the control (Table 2) . Again, the values obtained under 260 nitrogen (Table 2) were lower than those obtained under air ( PhIP produced when they were added was similar to the PhIP produced by the control.
270
The only exceptions were compound 24, which increased the PhIP produced, and 271 compound 26, which decreased the PhIP produced. to a certain oxidability of these phenolics in the presence of lipid hydroperoxides.
293
A similar behavior was also observed for p-diphenols, but not for p-quinones (Table   294 2 Mixtures of m-diphenols and LOOH also produced an amount of PhIP similar to that 300 produced by control LOOH and this amount of PhIP was higher than that produced by 301 the phenolics in the absence of LOOH (Table 2) . Exceptions were compounds 7 and 10.
302
As described above, these compounds are strong carbonyl scavengers and mixtures of 303 them with LOOH produced less PhIP than LOOH alone.
304
Mixtures of triphenols and LOOH usually produced less PhIP than control LOOH 305 (Table 2 ). In addition, 1,2,3-and 1,3,5-triphenols, but not 1,2,4-triphenols and analogues, 306 produced more PhIP in the presence of LOOH than in its absence ( Table 2 ). The amount of PhIP produced by all triphenols was mostly similar to that of m-diphenols and lower than that produced by o-and p-diphenols. Therefore, under these reaction conditions, 309 these phenolics had a behavior mostly similar to that of m-diphenols.
310
Because most phenolics produced similar amounts of PhIP (Table 2) The addition of ON to the model system increased the formation of PhIP to a similar 323 extent that LOOH ( 
341
When the ratio between the PhIP produced with ON and the PhIP produced without
342
ON was plotted as a function of the kind of phenols studied (Figure 7 ), some differences to o-and p-diphenols and, therefore, it was possible to distinguish between free radical 352 and carbonyl scavenger functions also when reactions were carried out under nitrogen.
353
Thus, phenolics with a ratio higher than 3 are good carbonyl scavengers and they 
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